The in vitro activities of doripenem against 364 anaerobic isolates were measured and compared to those of ertapenem, imipenem, meropenem, ceftriaxone, and levofloxacin. All of the carbapenems were active against nearly all Bacteroides fragilis group isolates. Doripenem was either comparable to or slightly less active than imipenem and meropenem against most isolates but more active than the other penems against Clostridium difficile. Doripenem appears to have excellent activity against a broad range of anaerobes.
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Doripenem, a 1-␤-methyl carbapenem being developed for the treatment of serious systemic bacterial infections, is resistant to hydrolysis by dihydropeptidase 1 (7) . In aerobes, doripenem appears to have the advantages of both imipenem (in its activity against gram-positive cocci) and meropenem (in its activity against gram-negative organisms) (12) . Metalloenzymes that hydrolyze carbapenems have been found in both aerobic bacteria (3, 10, 11) and anaerobic bacteria (2) ; the gene for the metalloenzyme may be silent or expressed to various degrees, resulting in a wide range of carbapenem resistance levels (13) . In Japan, this accounts for the 2 to 4% rate of resistance to imipenem (1, 16) , but these isolates are rarely found in the United States. The purpose of this study was to measure the efficacy of doripenem against a wide range of clinical anaerobic isolates and to compare its in vitro activities to those of other antimicrobial agents.
Bacteria were clinical isolates collected from a wide range of infections throughout the United States or worldwide and identified at the Wadsworth Anaerobe Laboratory (5). MICs were determined by the CLSI (formerly NCCLS)-approved Wadsworth agar dilution technique (8) . Antimicrobial agents were obtained from the following companies: doripenem (Shionogi & Co., Ltd., Osaka, Japan), imipenem and ertapenem (Merck, Rahway, NJ), meropenem (AstraZeneca, Waltham, MA), ceftriaxone (Hoffman La Roche, Nutley, NJ), and levofloxacin (Johnson and Johnson, Raritan, NJ). For analysis purposes, the bacteria tested were placed in species or genus groups with Ͼ5 isolates, and the MIC ranges, mean geometric MICs, MIC 50 s, and MIC 90 s were reported. Susceptible (intermediate) breakpoints are indicated in Table 1 .
Efflux inhibitor studies were performed by the spiral gradient endpoint system (19, 20) by first depositing a uniform concentration of efflux inhibitor on 15 mm brucella blood agar plates (Anaerobe Systems), resulting in the following concentrations: carbonyl cyanide m-chlorophenylhydrazone (CCCP) (Sigma), 12.5 g/ml; CCCP, 25 g/ml; MC 207,110 (Sigma), 100 g/ml, reserpine (Sigma), 25 g/ml; and verapamil (Sigma), 100 g/ml. Doripenem was then deposited in the gradient mode, and MICs were determined. The concentrations of efflux inhibitors chosen were not inhibitory for the strains.
Doripenem was active against almost all strains of the Bacteroides fragilis group of organisms. Doripenem had MICs of 16 g/ml for one strain and MICs of 8 g/ml for three additional strains. The MICs of the other carbapenems for these strains were one to twofold dilutions lower but also were elevated compared to their MICs for other B. fragilis group strains. The mode for doripenem was quite clear at 0.5 g/ml. While the mode for meropenem was twofold dilutions lower and the modes for imipenem and ertapenem were 0.25 and 0.5 g/ml, respectively, the distribution of strains around the respective modes was wider than that for doripenem. No significant difference was detected in doripenem MICs for strains collected before 2000 or in the years 2000 to 2003 (geometric mean MICs were 0.54, 0.57, 0.5, 0.4, and 0.29 g/ml, respectively).
The presence of efflux pump inhibitors CCCP, MC 207,110, reserpine, and verapamil did not affect the geometric mean MIC when all strains were considered together (the range was 0.30 g/ml to 0.38 g/ml). For strains with higher MICs (Ͼ1 g/ml), a decrease in the geometric mean MIC was observed with the inhibitors (1.85 g/ml versus 0.89 to 1.1 g/ml). When strains with known metalloenzymes (which result in very high MICs of carbapenems) were deleted from the analysis, the geometric mean MICs were ϳ2-fold lower in the presence of the efflux inhibitors (1.57 g/ml versus 0.68 to 0.81 g/ml). No difference was seen in doripenem MICs with or without inhibitors for the two strains with metalloenzymes in the concentration range used in these studies. Since these MICs are clearly within the susceptible range, the efflux of these agents is not a clinically significant resistance mechanism. However, these data do indicate that these pumps are capable of pumping out doripenem and that overexpression of efflux pumps might contribute to the development of resistance. Doripenem, meropenem, and ertapenem had slightly elevated MICs for one strain of ceftriaxone-resistant Porphyromonas gingivalis. All other Porphyromonas strains were inhibited by Յ4 g/ml of the agents. Prevotella bivia, a major gynecological pathogen (6) , was susceptible to all of the agents tested at a %S, %I, and %R, percentage of isolates susceptible, intermediate, or resistant, respectively; grp., group. Susceptible (intermediate) breakpoints used were as follows: for ertapenem, imipenem, and meropenem, 4 (8) g/ml; and for ceftriaxone, 16 (32) g/ml. Doripenem does not have a CLSI-approved breakpoint, and a tentative breakpoint of 4 (8) g/ml was used to facilitate comparison with the other carbapenems. A tentative breakpoint of 2 (4) g/ml was used for levofloxacin, which also does not have a CLSI-approved breakpoint.
b No. of isolates.
c No. of isolates tested with doripenem.
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Յ4 g/ml, except levofloxacin. Several strains of Prevotella species were resistant to Ն32 g/ml of ceftriaxone. Results for strains of Bilophila wadsworthia are notoriously difficult to read in MIC tests. Others have reported higher MICs of carbapenems and other ␤-lactams for B. wadsworthia (4) . We believe that this is due to the heavy haze seen on MIC plates; we have shown that the haze is composed of cell walldeficient forms (15) . We do not know whether the cell wallactive forms can persist in vivo or whether they have any clinical significance. MICs were redetermined with the use of TTC (a viable dye) (14) . Using TTC endpoints, none of the Bilophila strains was resistant to any of the carbapenems. Doripenem and the other carbapenems had high MICs for a few of the Sutterella strains; results for these strains are also difficult to read and were retested in the presence of formate/ fumarate (an additive that enhances growth and makes MICs easier to read), but this did not appreciably affect the MICs.
All of the carbapenems were active against Clostridium species other than C. difficile. Several strains of these species were resistant to levofloxacin. Three to five of the six strains of C. difficile tested required 8 g/ml of ertapenem, imipenem, or meropenem for inhibition; all but one strain of C. difficile was inhibited by 2 g/ml of doripenem (that strain was inhibited by 4 g/ml.)
Gram-positive cocci (Finegoldia magna [formerly Peptostreptococcus magnus], Micromonas micros [formerly Peptostreptococcus micros]
, and Ruminococcus species) were all inhibited by Յ4 g/ml of all the agents tested, except for one strain of Ruminococcus species, for which levofloxacin had an MIC of 8 g/ml. All of the agents except levofloxacin were active against non-spore-forming gram-positive rods, except for one strain of Actinomyces sp., for which all of the carbapenem agents except imipenem had MICs of 8 to 16 g/ml (imipenem had an MIC of 1 g/ml for this strain).
In other studies, doripenem showed greater activity than meropenem did against gram-positive cocci and greater activity than imipenem did against gram-negative rods and was more active than both of those carbapenems against Pseudomonas aeruginosa (17) . Doripenem was either similar to or more active than imipenem, meropenem, and biapenem against gram-positive bacteria (18) from respiratory infections and was the most potent agent against P. aeruginosa (17, 18) . Doripenem was active against various urological (9) and gynecological (6) pathogens.
In more-recent studies presented at the 43rd Interscience Conference on Antimicrobial Agents and Chemotherapy, doripenem displayed potent in vitro activity against Enterobacteriaceae and Acinetobacter baumanii (except those with car- , indicating that doripenem is a substrate of the MexAB-OprM pump. Our data (above) also suggest that doripenem is a substrate of efflux pumps.
In summary, doripenem appears to have excellent activity against a broad range of anaerobes and better activity than the other carbapenems against C. difficile. The only exception was Sutterella wadsworthensis. Doripenem's activity is similar to those of ertapenem, meropenem, and imipenem. Further studies of the clinical usefulness of this agent for anaerobic and mixed aerobic-anaerobic infections are warranted.
